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Preface

The Committee on Water was appointed in 19G4 by
Frederick Seitz, President of the National Academy
of Sciences. The Committee was to examine in some
detail the important interactions between expanding
knowledge concerning water resources and water use
in the physical sciences, the social sciences, and
engineering on the one hand, and increasingly com-
plex decisions of public policy concerned with water-
resource management on the other. This charge is so
broad and the issues so extensive and complex that
it seems likely that several reports will be required
to give the several related topics the treatment their
importance warrants.

The objective of this first report is modest. It
identifies several principles that, in the opinion of the
Committee, merit more attention than they are now
receiving. In particular, the Committee, recogaizing
that the value of water varies among different groups
in different places and at different times, believes that
the management of water resources has evolved to a
stage where planning should center upon the needs of
people rather than upon water per se. This viewpoint
implies that a broad range of alternatives must be
considered before a decision is made to develop a
water resource. To deal effectively with the increas-
ingly complex nature of the decision process, new
institutional arrangements may be needed to take
account of intangible as well as tangible objectives.

Finally, the Committee recognizes that the future
development of water resources requires better use
of existing knowledge, and that the decision-making
process itself must be responsive to advances in
science and technology - advances tnat not only

i _ _ a ..



increase the range of alternatives to be considered
but also aid in evaluation of the alternatives.

The Committee hopes to develop more fully, in
subsequent reports, several of the topics treated in
this first report.

The Committee expresses its sincere apprecia-
tion to the National Science Foundation, the U.S.
Army Corps of Engineers, the U.S. Weather Bureau,
the U.S. Geological Survey, the U.S. Department
of Agriculture, and the U. S. Department of Health,
Education and Welfare, for their support.

Gilbert F. White, Chairman

May 1966
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More Science: Better Water

This report is not prompted by a national water
shortage, for there is no nationwide shortage
and no imminent danger of one. To be sure,
there are serious regional shortages of usable
water, many of which are becoming critical
becaus( of short-sighted planning or pollution
of fresh-water supplies. The question of
water quality is as important today as the
question of water shortage.

This report is concerned with the rapidly
growing need for more intelligent application
of science to the use of water in the United
States. Within the limits imposed by the
natural distribution of precipitation, most of
the pressing regional and local problems of
water quality and distribution would be sus-
ceptible to informed and imaginative s•!ution,
not only in the United States but in other parts
of the world.

While scie-,,e anti technology are enlarging
the range of possible alternatives in water
management, the nation's increasing affluence
permits it to consider intangible values, and
the need for doing so is widely recognized.
But the nation lacks facility in dealing with
intangible values. It also lacks facility in
using the resilts of scientific and technologic
investigation to formulate alternative ways of
achieving multiple aims.



Changing Objectives

The Tide At the sound of a pistol shot on April 22, 1889, men
of Empire in buckboards, on horses, on burros started a race

unique in American history. The race was unique
but the force behind it was not. In the latter half of
the nineteenth century a strong tide of empire was
flowing westward. The people of the United States
wanted their West developed rapidly. To this end
they encouraged the farmer, the railroad man, and
the miner to develop the resources of the West,
holding out gifts of land as inducements - to the
farmer, homesteads; to the first railroads, land
grants; and to the miner, exclusive enjoyment of
any mineral treasure he found and the land upon
which he found it.

Even earlier than the Oklahoma land rush and
the Homestead Act, "internal improvements" had
been the theme, and such statesmen as Albert
Gallatin and John Quincy Adams had urged the new
nation to improve its natural waterways and to build
canals as a means of joiring the country in com-
merce and of breathing economic life into new re'-
gions. Later, when it was believed that the key to
western development was water, the drafters of
the Reclamation Act sought to make possible the
development of small farms and communities by
extending the help of the federal government in
furnishing the vital water. Still later, in the dark
days of the 1930's, plans to transform the valley
of the Tennessee River were put into action to
provide a new way out of a regional economic mo-
rass and massive investment was made in water
projects in other parts of the country, as in the
Columbia, the Missouri, and the Arkansas basins.
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The Basin Plan While these major steps in land and water policy
were clearly tied to economic growth and develop-
ment, a host of laws and policies dealt with particu-
lar resources or with particular places, disregarding
pleas by federal commissions as early as 1907 for
integrated water development. Grazing permits on
the public domain, land-conservation programs for
agriculture, regulation of hydroelectric power, and
investment in flood control are only a few reflections
of the national interest in resources. Despite con--
centration on specific resources for single uses, it
gradually became apparent that resources were inter-
related, and a need was recognized for longer-range
planning that would include multipurpose systems
involving simultaneous development of several re-
sources. If a dam could be built to retard flood
waters, could it not also store water for irrigation,
or periodically release water to produce power?
Hoover Dam became the prototype for multipurpose
water regulation.

The view developed that comprehensive plans
could be designed for a basin or a region, with water
as a unifying factor-basin plans which, if put into
effect, would use resources more productively,
with minimum waste and at minimum cost. Because
water is widely distributed, is closely related to the
utilization of other resources, and is usually
managed in visible construction projects, planning
for food, fiber, mineral, and land resources tended
to be seen as related to plans for water develop-
ment. The Tennessee Valley Authority became the
popular prototype for comprehensive development
of an entire drainage area; but similar systems or
projects were taking shape in the Columbia River
Valley, the Central Valley of California, and other
basins.

To accommodate numerous federal and state in-
terests, it became necessary to coordinate the ac-
tivities of public agencies. National and basin pro-
grams were promoted through the National Re-
sources Planning Board, and later through inter-
agency committees.

Unfortunately, planning and development of water
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resources continued to be concerned mainly with
specific needs, such as navigation, irrigation, and
flood control. The strength of the nation's interest
in these and other problems varied widely from
decade to decade. While the economic well-being
of communities, states, and regions may have
been an underlying motif in investment policy,
that motif often was buried within or masked be-
hind specific laws and formulas designed to deal
primarily with natural resources as such; the
public tended to lose sight of the fact that many
resource-development plans and policies were
justified originally for their contribution to economic
growth.

By the 1950's federal agencies had done much to
improve and standardize methods of analyzing
water projects and developments. Congress, which
had usually belied its expressed belief in compre-
hensive planning by authorizing individual projects,
took a giant step toward comprehdnsive national
water-resources planning when it authorized the
report of the Senate Select Committee on National
Water Resources; that report, published in 1959-1961
in 32 sections, emphasized the pressing water needs
of the next few decades. Efforts to establish machin-
ery for coordinating the diverse interests represented
by a large number of federal, state, and local agen-
cies culminated in the Water Resources Planning Act
of 1965, which established a Water Resources Coun-
cil and provided financial assistance to improve
state potentials for water planning. The Act further
provided for the establishment of river-basin plan-
ning commissions made up of state and federal
regional representatives.

The new Water Resources Council, composed
of the Secretaries of the Departments of Interior,
Agriculture, Army, and Health, Education and
Welfare, and the Chairman of the Federal Power
Commission, has the two principal opportunities to
formulate policies to be followed by federal agencies
in planning and developing water and related land re-
sources and to review the plans developed regionally
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for those purposes in cooperation with the concerned
state and local groups.

Federal assistance in a great array of resource
programs led to concepts of comprehensive river-
basin planning. At the same time, dealing piece-
meal with individual resource issues fostered a
complex of laws, policies, procedures, and habits
of thought that make it difficult to consider the
nation's broad interests and objectives in any co-
herent scheme of policy and practice. Recommend-
ations to solve water problems are made typically
by agencies with responsibility for construction.
Their appraisals understandably tend to lack breadth.
It is difficult for the Bureau of Reclamation to be
objective about irrigation either as an aspect of
agricultural policy or as a justification for consump-
tive use of water, or for the Office of Saline Water
or the Atomic Energy Commission to consider with
total dispassion ways to meet water needs other
than by giant desalting-power plants. The incentive to
escalate agency programs is endemic. Moreover,
there is always strong support for solutions that
involve large expenditures and employment, even
if temporary.

An important statement of federal water policies,
standards, and procedures was printed in Senate
Document 97, 87th Congress, and approved by
President Kennedy in 1962. These policies and
standards were intended to provide a common
basis for federal agencies in the formulation,
evaluation, and review of plans for the develop-
ment of water and related land resources, and
to reduce differences in practices. The standards
set forth in Senate Document 97 encourage a
comprehensive long-range viewpoint in planning,
with full consideration of all types of water
demands and development possibilities, and
they stress the need to outline and present to
decision-makers alternative solutions in order
that variations in objectives, policies, timing,
and other factors may be considered in adopting
plans for action.
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A Wider Yesterday the nation's interest in water resources

Concern was variously centered on irrigation, navigation,
winning the West, and lessening the burden of natural
disasters. Today the nation's concern is widening
to include assurances that all regions share in the
national growth, that individuals have an opportunity
to enjoy the pleasures and beauties of the natural
environment, and that the quality of that environ-
ment be protected and enhanced as the nation grows.
Consequently, recreation, pollution abatement,
wilderness preservation, and water development
for Appalachia are important today. Protection
against floods and droughts, as well as production
of hydroelectric power and the promotion of navi-
gation, must be examined anew in the light of
modern America's demands and desires and its
ability to pay for what it wants. Clearly, the list of
socially desirable objectives in planning is growing.

A sharpened concern that all regions share
in national growth poses prickly problems of
allocating water among states and of allocating in-
vestment funds among regions. Every decision to
store or transport water has implicit in it a set
of judgments as to national and regional aims. If
region A is running short of water for irrigation
and region B still has supplies exceeding its pros-
pective needs, one solution is to seek a transfer of
water from B to A with the federal government pro-
viding financial support for irrigation, for power, and
for recreational features of the project. An alter-
native is to support increased uses in region B,
encouraging population growth there rather than in A.
Putting aside knotty questions of contending
water rights, it is difficult to disentangle fully
the web of consequences that would result from
pursuing one solution rather than the other.

A similar problem arises where region C suffers
chronic unemployment that might be relieved
temporarily by constructing new water projects
largely at federal expense. The benefits may be
short-lived unless the projects promote productive
capacity, and it may even be that such an invest-
ment in public works will retard socially desirable
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population emigration and economic adjustments
that otherwise would take place more rapidly.
Again, a policy toward population relocation may be
inherent in the building of a dam. Such decisions
and actions call for new consideration of national
aims and, in turn, for deepened understanding of
the effects of a change in water use on the whole
fabric of society.

Momentous changes in society-rapid increase
in population, in urbanization, in mechanization of
daffy life, in leisure time, and in disposable in-
come-are causing large increases in the use of
water, are bringing about serious decreases in the
quality of water, and are putting heavy pressure
on planners and managers to incorporate the
recreational and aesthetic values of water into
their formulas and systems. Accumulated
experience with their environment enables
Americans to be more sensitive to the full
effects of their manipulation of water, soil, air,
plants, and animals. At the same time, they
increasingly realize that they can now afford to
do things beautifully as well as efficiently.



The Planning Process

Tangibles New dimensions of social and economic development

and Intangibles in American society, characterized by fresh hopes and
rapid change, call for continuing appraisal of the ob-
jectives and methods of planning for water resources.

While impressive advances broaden the outlook of
planning and water management, present policy and
practice limit consideration of alternatives and em-
phasize those aspects of development that are framed
easily in terms of economic production rather than
those aspects in which nonmarket values dominate.
With increased emphasis on the national store of
scenery, fish and wildlife, historic sites, and on
other social values that cannot be expressed easily
in economic terms, planning processes must change
to take such factors into account.

During the past half-century the national desire for
economic growth was concidered to justify full develop-
ment of resources as soon as the direct economic
benefits could be demonstrated potentially to exceed the
costs. Planning was viewed as a method of considering
the development of resources at individual sites or in
specific areas, of designing a feasible project or
projects, and of determining the economic benefits
and costs as measured by direct change in production.
The best plan was one that provided the most
economical way of developing a specific resource.

The benefits to the nation of developments for power,
flood control, navigation, and irrigation should by
no means be overlooked in the future planning of the
use of water. Such developments have contributed
materially to present productivity. However, at no
time were the aims of public involvement solely
economic. Public power was seen by some of its



proponents as a means of regulating private producers;
flood control on the Ohio in the late 1930's was in-
fluenced strongly by determination to prevent loss of
life; and irrigation from tle outset of federal invest-
ment was directed towarr building communities of
family-size farms.

Events of the recent past reveal that social objec-
tives considered desirable by society have been signif-
icantly broadened, and that certain objectives desired
by society may not be consistent with the most eco-
nomically profitable use of resources. The public
interest in recreation, quality of environment, and
aesthetics implies a willin-ness to forego oppcrtunity
or to spend money in a way that does not necessarily
yield the highest benefit-cost ratio as we are now
able to compute it: the public is willing to pay for
intangibles. On the other hand, in order for the public
to know what intangibles are available at what cost,
and thereby to determine what it is willing to pay (in-
cluding foregone benefits) for those intangibles, all
practicable alternatives, including both tangible and
intangible benefits and costs, must be presented.
Consideration of such a broader range of alternatives
implies greater demands on science to predict not
only the immediate but the more remote consequences
of resource development.

Hydrology, Society, Recent deliberations over the future of the Potomac

Planning: River provide an excellent illustration of both the
problem cf exploring alternatives and the fundamental

the Potomac importance vi 6icg.e"l. physical, and social know-
ledge that must inform such polltiua! discussion.

The Potomac is not a large river. With a mean
annual flow of 11,000 cubic feet per second (cia),
it is characterized by great variability, with late-
summer flows as low as 800 cfs and spring floods
as high as 484,000 cfs. Much of the land of the
Potomac basin remains open, as yet free of inten-
sive development. Not only does the basin contain
many monuments of the nation's history, including
the Chesapeake and Ohio Canal which parallels the
river for a hundred miles from Georgetown to
Cumberland, but near Washington, D.C., the river
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passes over the spectacular Great Falls and through
an impressive colorful gorge. However. at and
below the fall line where the free-flowing river be-
comes tidal, the nation's capital is the center of
one of the rapidly growing metropolitan regions in
the United States. The demand for water supply and
for water to receive the effluent created by rapid
growth has placed heavy demands on the available
flow in the river. For over 50 years, the tidal
river near Washington has been polluted; since
1800, deposits of mud have plagued navigators
and irritated residents and visitors who value the
beauty of the capital's waterfront.

Flood protection and water supply in the Potomac
basin have long received attention. One study by the
Corps of Engineers, directed primarily toward
water supply and flood control for the Washington
metropolitan area, suggested construction of a
major dam a few miles above the city of Washington.
More recently a report prepared by the Corps but
representing the collective efforts of several
federal agencies addressed itself to broader objec-
tives for the basin as a whole. That plan, presented
to the public in 1964, called for a dam a short dis-
tance above Washington, for 16 storage reservoirs
primarily for low-flow augmentation to reduce pollu-
tion, and for 400 smaller upstream reservoirs to
provide water supply and upstream flood protection.
It left many questions unresolved about the aims
and methods of managing the waters of the basin.

Because of the erratic and low flows of the
Potomac, if the river is to provide dependable
low flows for water supply and pollution control,
storage must be provided somewhere. But a dam
near the city would mar the woodland beauty of the
gorge, drown a portion of the historical canal,
and tius destroy a unique area. Moreover, reser-
voirs that must be drawn down present an unsightly
appearance and reduce opportunity for recreation.
It may be that low-flow augmentation is a relatively
poor tool for pollution abatement, and enhanced
treatment is a better answer.

If the water in the river is to be fresh for
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swimmers and fish, it cannot receive untreated or
partially treated wastes as it does today. At low
flows, the level of waste treatment must be high,
higher even than current standard treatments can
provide. In the tidal river and estuary a hig>.
nutrient level promotes exuberant algae growth,
despite the inhibiting effect o! high turbidity.

Many pressing scientific aid technical questions
remain unanswered in this Corps report. Most of
them cannot be answered today. They include:

(1) Can waste-treatment technology be signifi-
candy improved, thus lessening the need for
storage to provide low flows for waste dilution?

(2) How will stream biota react to varying
periods of low flow?

(3) What is the recovery rate of desirable
fish and flora subjecte"i to damaging diminution
of flows?

(4) Will impro-ved treatment lower the nutrient
content of flows to the tidal river?

(5) Will algae growth decline proportionately
with nutrient decline?

(6) Will the species of algae change with
changes in water quality?

(7) What is the quality of water contributed
by agricultural, forest, and urban areas?

(8) Can sediment inflow from vast agricultural
areas and from urban lands experiencing construc-
tion be reduced significantly?

(9) How much reduction will be required to
change the turbidity in the tidal river?

(10) Will algae multiply as turbidity declines,
and in what ratio?

(11) Will urban storm run-off produce wastes
tl,_at impair the quality of water for swir.iming,
even in the face of complete treatment of sanitary
wastes ?
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(12) If other solutions are available, should $100
million be spent to treat and transport wastes from
an estuary to make the area fit for swimming?

(13) Will the area meet the aesthetic and health
standards after the money is spent?

(14) Mast dams be erected in t!he most magnifi-
cent river gorges in a basin to impound water to be
used to augment the trickle nature provides, if that
trickle is enough to keep most of the fish alive all
but a few years of every fifty?

(15) What is the minimum number of dams
required today, tomorrow, and in the future?

These questions, and others, must be answered
before sufficiently informed decisions can be made.

In the face of the controversy over ends and
means in the Potomac, President Johnson, empha-
sizing the concern for natural resources expressed
in his message on natural beauty, made the Secretary
of the Interior responsible for developing plans that
would make the Potomac River a model of conser-
vation for the nation. The Secretary established
task forces made up of federal personnel,
appointed a committee of architects to consid~er
land-planning aspects, and called a conference of
the governors of the interested states who have
themselves established an advisory committee on
the Potomac. An interim rep,'n- by the federal
task force and state advisory committee was made
in early 1966, wthout benefit of public discussion
of its recommendations for extensive commitment
of resources or evidence that alternatives had been
considered in thtk light of long-range objectives
and possibilities.

Because the federal agencies have specific
missions defined by lau. and because, in addition.
specific provisions of federal financing make
certain alternatives in water development. such as
dam construction, more readily operable and often
mort desirable in the eyes of local ben-ficiarics.
the task of developing meaningful alternative, in

the Potomac basin is exceedingly difficult. Moreover,
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objectives have not been well defined by Congress,
planning staff has not increased in proportion to
the task, and basic studies have been hampered by
demand for speedy decisions.

The evolution of planning for the Potomac is
evidence of a need for development of broader
views of planning objectives and alternatives.
Furthermore, it shows the necessity of better
fundamental scientific knowledge and improved
technology in exploring the alternatives and in
weighing tt'e choices.

Centering on Up to now, most plans for water-resource develop-

Human Needs ment and management, in areas beyond the Potomac,
have been tied to individual projects or to basin
development, and they have been narrowly concerned
with water per se. When New York sees its use of
water approaching the limit of its supply, it typically
begins looking for additional pure sources, and unless
threatened by a crisis, it pays less attention to possi-
bilities of reducing excessive consumption, reusing
waste water, or abating pollution of nearby streams.
Planners tend to ignore alternatives that involve
changes in human habit, preference, or aspiration.
In the case of individual projects, the consideration
of valid alternatives often has been prevented by the
rigidity of the mission of the agency proposing the
project, by imperfect apportionment of costs, by
neglect of nc .market benefits and social costs, and
by a simple lack of awareness of available alterna-
tives.

Although the drainage basin provides a coherent
hydrologic unit relevant to water control, it is noW
necessarily, ur even usually, coincident wita the
appropriate social, political, or economic region
within which society functions. Water planning
should relate more to man's activities, needs,
desires, and ability to rrmanage water than to the
water itself. The drainage-basin master plan as
often practiced is focused on water.

The types of plans that have been developed
over the yes-4 are becoming less us:ful, because of
the broadenln, of objectives, the increase in actual
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and potential uses, the realization that in planning,
water should not be isolated from other resources
nor regarded as indispensable in all its present
uses, and the growing recognition oi the necessity
to maintain flexibility to meet future needs.

Improving In summary, the Ast century's experience and the
the Process prospect for science point to a need for water

planning that will maintain flexibility for the future,
that will foreclose as few alternatives as possible,
that will put new demands on science to predict
conditions and consequences and to provide new
alternatives for changing needs.

Several attributes are fundamental to the
planning of water resources if the full fruits of
America's generous resource base and scientific
capacity are to be gathered. First, the process
must generate and evaluate alternatives for con-
sideration by the people of the United States and
their representatives. Second, it must report
and disseminate such alternatives and evaluations
for the broadest possible discussion in the political
arena. Third, it must strive to assay as well as
possible the values that all segments of society
place upoi, specific uses, abuses, enjoyment, or
appreciation of water resources. Fourth, the
appraisal of values must include an attempt to
ascertain how values develop or degenerate with
the passage of time, either bctcause action is too
slow and advantage is lost or because action is so
precipitous that future opportunities are foreclosed.
Fifth, the process must recognize that all concerned
private, local, state, and national groups can and
should contribute to the planning and development
of water resources.

After public discussion of alternatives has
brought out the relative values placed by different
groups on different objectives and on different social
or nonmarket costs and benefits, the administrators
who are concerned should be better prepared to act.
In their recommendations to the Congress, a state
commission, a city council, or an industrial executive,
they should know, far more fully than they now do,
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which groups desire which objectives and, to a
greater extent than formerly, what these groups
consider to be the relative values involved.

Public discussion of alternatives, properly con-
ducted, would tend to eliminate the problems that
arise when the public belatedly realizes the conse-
quences of a decision already made. It also should
provide a healthy amelioration of the institutional
hardening atid the practice of dealing with a restricted
or local clientele that characterize some public
agencies. The difficulties of reconciling diverse aims
would still be immense, but whatever reconciliation
is possible would be effected in a more rational and
acceptable democratic framework than at present.

Much hinges on accurate prediction of conditions
and consequences. While the accuracy of prediction
is greatly enhanced by studies of the effects of past
decisions, there has been surprisingly little analysis
of the effects of water-use decisions of the past.
The full impacts of the Tennessee Valley Authority
on the productivity and life of that region are ex-
tremely difficult to sort out from economic changes
that were shared more widely by areas outside the
Authority's program. And while the effect of dams
upon stream flow is well known, their effect on
water quality, down-stream channel erosion, and
biota is less clear. It is important to state that no
major water project in the United States has been
studied with sufficient care and precision to deter-
mine its full effects on the systems of water, soil,
plants, and human activity which it has altered.
Few smaller projects have been examined in enough
detail to judge whether they have attained the purposes
for which they were intended. When a new technique,
such as weather modificatioa or a powerful pesticide,
is introduced there is a flurry of public concern
about the likely consequences and considerable
investigation of them; but unconcern and ignorance
continue to exist in regard to the effects of more
conventional measures.

More anilysis is needed of the effects, both on
the environment and on the economy, of actions
taken in the development of water resources.
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Objectives and Alternatives

Alternatives There are several kinds of variable factors in water-

in Planning use planning, each of which requires consideration of
alternatives. They are:

Alternatives of objective: A canyon can be
exploited as a reservoir site or preserved for its
scenic and recreational values.

Engineering alternatives: Flood control and power
production may be achieved in a certain reach of
river by three dams or one large dam.

Management alternatives: Flood losses may be
reduced by dams land reservoirs alone or by flood-
plain regulation.

Institutional alternatives: Related to management
alternatives, they involve the political structure
through which the resources are to be managed;
irrigation waters, for example, may be managed by
the Bureau of Reclamation according to the relative
strength of individual water rights, or they may be
managed through a conservancy district to which all
rights are conveyed in return for proportionate
water allocations.

Timing and size alternatives (which are closely
interrelated): Based on predictions of future condi-
tions and needs, a dam constructed to the full
potential of a site might provide facilities that exceed
present needs. Alternatively, it might be possible
to construct an initial dam to a lower elevation, with
provisions for future raising, if needed. Such stage
construction is to be preferred to overdesigning in
terms of near future needs, because the anticipated
distant needs may never develop. If stage develop-
ment is not feasible, it may be better to delay
construction until the need approaches the site
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potential. With respect to timing alternatives,
the best engineering, management, and institutional
alternatives today may not be the best tomorrow.
Technological breakthroughs, value shifts, and
government actions may so change the priority of
alternatives that starting tomorrow may prove
wiser than starting today.

Alternatives of location: Each of these may lead
to a different set of physical and social impacts on
the region affected.

Some alternatives may involve broad national
policy, as reflected in federal statutes, regulations,
and practices. In illustration, national policies in
pollution abatement, reclamation, and flood-loss
reduction are discussed briefly here in the context
of their effects on alternatives and choice in water
management.

Effect of The need to clarify the real objectives of private
Policy: and public water management in order to elicit

alternative courses to achieve those objectives is
Pollution seen in two common elements of most water-

Abatement resources plans-pollution abatement and flood-
loss reduction. In recent years the Congress has
agreed that storage may be provided in reservoirs
at federal projects, without cost to local benefi-
ciaries, for low-flow releases to meet pollution-
dilution requirements The objective, of course,
is cleaner water for domestic, industrial, and
recreational purposes. Clearly, however, this
approach is not the only way to meet the objective.
More effective treatment systems, elimination of
pollutants by manufacturing process changes, in-
stream treatment, and relocation of waste discharges
are alternatives. An effective enforcement program
can be a very important element in pollution control
and can determine the applicability of alternatives.
It must be remembered that industry and local
governments are responsible for waste disposal
under state and interstate regulation. Waste-water
reclamation would not only control pollution, but
would augment the supply of usable water. At the
present time, however, not only does federal
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financing lean heavily toward low-flow augmenta-
tion, but river-basin planners are unlikely to
consider the other alternatives because they are
not within the "authorized tool kit" available at
the federal level. With planning oriented toward
the project rather than the purpose, planners tend
to concern themselves more with "benefits" that
will justify the project than with alternatives that
will solve the problem. Needless to say, this
tendency occurs in most water-project planning,
not just in planning for pollution abatement.

Effect of Detailed studies have documented the fact that

Policy: flood damages continue to rise year after year
even as expenditures for flood control climb.

Flood-Loss People live and work on flood plains for many

Reduction reasons, and those who live and work there view
the flood hazard differently from the engineers
designing works to control flood waters. While
federal agencies have been authorized to assist
communities in evaluating flood hazard and in
developing alternative methods of reducing
unwarranted damages-methods such as flood-plain
zoning, building codes, subdivision regulations,
flood proofing, and warning systems-the financing
provisions for most federal participation favor
control measures such as dams and levees.

The federal reimbursement policy on flood
control in effect transfers part of the cost of floods
from the direct beneficiaries to the taxpayers of the
nation. Other opportunities for individuals to use
flood plains without heavy public cost or for public
agencies to encourage recreational and wildlife
uses often are neglected. Because many communi-
ties, given the option, will choose the alternative
that costs them least and is readily available,
alternatives to structural measures of flood control
rarely receive serious consideration by those who
have the power to initiate them, despite the fact that
engineering structures can never guarantee complete
protection. To minimize efficiently losses from
floods requires land-use planning as well as water

planning, and it calls for helping individual property
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owners to assess their hazard and possible ways of
dealing with it. Although flood insurance has been

proposed as an additional means of deterring flood-
plain occupancy and of reimbursing losses, it has
yet to receive a thorough trial on a national scale.
Federal agencies now are moving toward a broader
view of possible means of foEtering wise use of
flood plains.

Adoption of a full-alternative method of planning
for flood-loss reduction would he advanced by a
more searching evaluattoni of the reasons why
persons choose to locate on flood plains, and of
the probable effects of various ways of providiug
incentives to adopt a'ternatives, other than struc-
tural or control measures, for reducing losses
from floods.

Effect of Irrigation in the West may have substantial impact
Policy: on the nation's agriculture, yet the reclamation

policy may run counter to the agricultural income-
Reclamation support policy. Though it is often pointed out that

reclamation costs are reimbursable and that, in
the long run, the water user repays the federal
government for its investment, it is not always
understood that there is an important subsidy
associated with the reclamation legislation (as there
is with flood-control, navigation, and soil-conser-
vation legislation). First, the capital investment
made by the federal government for irrigation is
repaid over a period of many years without interest.
The capitalized value of this interest is in effect a
subsidy of about one half the cost of putting water on
the land. Furthermore, the sale of electricity
produced by reclamation dams, and even by dams
that have no utility for water control, provides
revenue that helps pay the costs allocated to
irrigation water.

These subsidies were an inducement to settlement
and development of the West, and added to the agri-
cultural production of the United States. In addition,
Congress limited to 160 acres the size of land-
ownership units that could receive irrigation water
from reclamation projects; this limitation reflected
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